Purpose: To report symptoms and ocular pathology in 13 patients exposed to light from laser pointers. Methods: We conducted a multi-centre consecutive case series from eight ophthalmology departments. Results: Eleven boys aged 9-15 years and two girls aged 7 (sister of one of the aforementioned boys) and 12 years, respectively, were included. Laser wavelengths were 572 nm (green), 450 nm (blue), and red laser of unknown wavelength. Output powers were between 5 and 5000 mW. Evaluation included slit lamp examination, colour fundus photography (CFP), and optical coherence tomography (OCT). All subjects complained of unilateral vision loss. Initial visual acuities in exposed eyes ranged from 0.05 to 1.0 Snellen equivalent or better. Nine subjects showed pathology on CFP and OCT abnormalities. One subject had a macular hole, which closed after vitrectomy. Long-term visual acuity ranged from 0.3 to 1.0 Snellen equivalent or better. Conclusion: High-powered laser pointers have become readily available on the internet, and they have the potential to induce lasting visual loss. More than half of the published laser pointer maculopathy cases since the first incidence in 1999 have been published in 2014-2017. We suspect that incidence of exposure and subsequent visual loss is rising, and we encourage national legislators to regulate this market.
Introduction
Laser pointers have been available to the public for decades. Unfortunately, we have recently observed an increase in reported ocular exposure to light from laser pointers (OELLP). The first recreational laser injuries were reported in 1998 (Mensah et al. 1998) . The initially documented ocular laser injuries reported mainly anterior segment pathology (Sethi et al. 1999) .
A search of PubMed (December 1st, 2017) yielded 79 subjects exposed to light from laser pointers (Luttrull & Hallisey 1999; Sell & Bryan 1999; Sethi et al. 1999; Zamir et al. 1999; Mason 2001; Wong et al. 2007; Fujinami et al. 2010; Kandari et al. 2010; Wyrsch et al. 2010; Ziahosseini et al. 2010; Hossein et al. 2011; Ueda et al. 2011; Pollithy et al. 2012; Turaka et al. 2012; Dirani et al. 2013; Rusu et al. 2013; Alsulaiman et al. 2014; Dhoot et al. 2014; Keunen et al. 2014; Lally 2014; Lee et al. 2014; Lim et al. 2014; Petrou et al. 2014; Raoof 2014; Xu & Lin 2014; Bhavsar et al. 2015; Noble & Blice 2015; Thanos et al. 2015; Weng et al. 2015; Hanson et al. 2016; Yan et al. 2016; Zhang et al. 2016; Raevis & Shrier 2017; S anchez-Barahona et al. 2017; Tomasso et al. 2017; Zhao & Liu 2017) . The majority of the cases published after 2013 have suffered from laser-induced maculopathy. Patients exposed to recreational laser pointer light in recent years are on average much younger than in previous reports.
The purpose of this study is to investigate short and long-term outcome of ocular laser pointer light exposure in Denmark from February 2014 to March 2015. We furthermore attempt to evaluate the effect of laser output power on visual recovery after exposure to laser light, based on available literature. There were no legislative restrictions to handheld laser pointers in Denmark until March 1, 2015; now sale of laser pointers >1 mW is restricted, but no regulations restrict the use of laser pointers in the public.
Materials and Methods
The present study is a non-comparative consecutive case series. Eight Danish ophthalmology departments were invited to report any laser pointer injuries in the aforementioned period. Patients reported symptoms and laser pointer details provided in text on the devices, if available. We defined an exposed eye as an eye, which the patient recalled exposed to laser light. All patients underwent full ophthalmological examination, including optical coherence tomography (OCT). Select patients furthermore underwent multifocal electroretinography (MfERG) and fluorescence angiography during the workup for unexplained acute monocular vision loss. Treatment profile and followup time were recorded.
We used two-sided chi-squared test for comparisons in 2 9 2 contingency tables. Fisher's exact test was used when expected values were below five, choosing a 0.05 level of significance.
We defined full visual recovery as a best corrected visual acuity (BCVA) of ≥1.0 Snellen equivalent without reported lasting defects in the visual field in the exposed eye.
Results
Thirteen subjects were investigated for laser pointer light exposure. All were paediatric patients aged 7-15 years, eleven boys and two girls. To our knowledge, only two children (#1, 4) had undergone previous examinations in ophthalmologic setting, both with BCVA of 1.0 Snellen equivalent or better in both eyes.
Three boys (#1, 5, 11) were assaulted (at a bus stop, at school and at a night club). The remaining exposures were self-inflicted, the laser pointer handled by the subject (#2-4, 6-9, 12, 13) or a friend (#10). Please see Fig. 1 for photo of subject #4 demonstrating how she handled the laser pointer.
Only one boy (#8) had bilateral exposure to laser light. Of the remaining 12 children, seven had exposure to the right eye. To our knowledge, all exposed eyes received one single exposure to laser light.
Distance from light source to eye ranged between 10 cm-10 m. Duration of exposure was a few seconds up to more than 10 seconds.
Subjective symptoms
Eight children (#1, 2, 6, 7, 8, 11-13) experienced symptoms immediately after exposure to light from laser pointer, two boys (#5, 10) reported symptoms within 1 day, and three subjects had no spontaneous visual complaints for months after exposure (#3, 4, 9) .
No child experienced immediate or lasting pain or diplopia after exposure. Nine children (#1, 2, 4-8, 12, 13) reported immediate blur after exposure. Three of these (#1, 5, 6) experienced immediate defect in the visual field, and one (#6) felt immediate photophobia as well. Another boy (#10) experienced irritation several hours after exposure.
Seven subjects (#2, 3, 5, 6, 7, 9, 12) experienced lasting blur. Three subjects (#5, 6, 8) experienced a lasting defect in the visual field, one of the subjects (#6) experienced metamorphopsia.
None of the children complained of other symptoms.
Laser pointer information
Output power as printed on the devices was known in six cases (#1-4, 6, 10), ranging from 5 mW to 5000 mW. One boy (#6) was exposed to blue laser light (wavelength 450 nm), and one boy (#12) was exposed to red laser light with unknown wavelength. The remainder of the children were exposed to green laser light (wavelength 532 nm) where information was available.
Objective examination
Not all subjects presented with a history of exposure to light from a laser pointer at the first consultations. Our first case (#3) was an 11-year-old boy admitted to the paediatric department with meningitis, and we found a unilateral maculopathy during ophthalmology work-up. Only after thorough interview, and when extensive investigations had been performed, he remembered playing with a laser pointer months earlier. The delayed unmasking of history explains extensive work-up with advanced and invasive investigations in select children.
Best corrected visual acuity (BCVA) in exposed eyes ranged between 0.05 and 1.0 or better (Snellen equivalents).
Cycloplegic refraction was obtained in six children with range of spherical equivalence of À0.63D to +1.25D with no astigmatism >0.50D. Five children (#1, 5, 6, 7, 8) were tested with Amsler grid. Of these, two reported paracentral scotoma (#1, 8), two reported unspecified scotoma (#5, 7), and one reported pincushion distortion (#6). Bagolini striated glasses test for peripheral fusion was performed in three children (#1, 3, 4), all reporting the normal cross with unbroken lines. Four boys (#1, 6, 12, 13) were tested with TNO charts (Lam eris Ootech BV, Ede, The Netherlands), two negative for stereoacuity (#1, 6). The remaining two boys (#12, 13) tested positive for stereoacuity with 60 seconds of arc and 240 seconds of arc, respectively. One boy (#10) passed Lang chart test (Lang-Stereotest, K€ usnacht, Switzerland) with 550 seconds of arc stereoacuity. The same boy presented with a corneal opacity and abrasion in the exposed eye. The remaining twelve subjects had no anterior segment pathology on slit lamp examination. We measured intraocular pressure with applanation tonometry in seven subjects (#1, 2, 4, 6-8, 10, 11), all within normal range. All unexposed eyes had BCVA of 1.0 Snellen equivalent or better. No unexposed eyes presented with pathology on colour fundus photography (CFP) or OCT. Ten of 13 exposed eyes presented with mild to severe maculopathy, one boy (#6) had a full thickness macular hole, see Fig. 2 . In case #2, we found temporary loss of discrimination between retinal layers, which was followed by atrophy of the retinal pigment epithelium, documented by repeat OCT scans on days 3, 21, 63, and 240 after exposure, see Fig. 3 . We refer to Table 1 for BCVA and  CFP and to Table 2 for OCT findings in exposed eyes.
Two children (#4, 5) underwent MfERG, which showed reduced central retinal cone response in the exposed eyes and normal response in the unexposed eyes. In one boy (#3), simultaneous Indocyanine Green/Fluorescein angiography performed 3 months after exposure revealed no macular leakage or vasculitis.
Treatment
Subject #6 with full-thickness macular hole underwent vitrectomy. The corneal opacification in subject #10 healed with no scarring after treatment with topical Chloramphenicol ointment. No other subjects received any medical or surgical treatment.
Effect of laser output power on visual outcome
In the present study, laser pointer output power information was available for six children. Of these, all four children exposed to high laser output power (>5 mW) experienced lasting symptoms, and both children exposed to low laser output power (≤5 mW) had full visual recovery. The above papers reporting ocular pathology following OELLP yielded information on laser output power and visual recovery status on 42 subjects in 28 reports. We analysed data on our six children combined with the 42 subjects from the literature. In a total of 48 subjects, high laser output power (>5 mW) was significantly associated with poorer visual recovery than was low laser output power (≤5 mW), please see Table 3 for details. This association was also statistically significant when excluding the six children from the present study (data not shown).
Discussion
We report 13 cases of ocular exposure to light from laser pointers intended for recreational use.
We have identified 36 prior reports documenting 79 intended or inadvertent ocular laser pointer injuries in several countries on three continents In 1999, Sethi reported 14 cases of ocular exposure to light from laser pointers (OELLP), all of which were pranks or assaults (Sethi et al. 1999) . Seven showed objective signs; five had punctate corneal epitheliopathy and only two had retinal signs. In contrast, in all of three other reports of OELLP from 1999, all cases were self-inflicted, and presented with retinal changes (Luttrull & Hallisey 1999; Sell & Bryan 1999; Zamir et al. 1999) . During the following 10 years, only two reports document OELLP, one self-inflicted (Mason 2001) and one due to inadvertent exposure (Wong et al. 2007) , both with retinal changes. In the reports from before 2010 discussed above, only two patients suffered from lasting symptoms (Sethi et al. 1999) .
In 2010, Wyrsch documented the first case of OELLP from a device with output power higher than 5 mW (Wyrsch et al. 2010) . Since 2010, 30 reports on 60 OELLP cases have been published. Of these, laser output power was known in 37 cases, and only five laser pointers emitted 5mW or less. In the 58 cases where trauma mechanism was known, 37 cases were self-inflicted.
In the present report of 13 cases, laser output power was known in six cases, of which two laser pointers emitted <5 mW. Trauma mechanism was known in all of our 13 cases; 11 injuries were self-inflicted, the remaining two injuries were from assaults.
Long-term outcome after laser pointer exposure was documented on OCT in our patients as atrophy of the RPE layer, but none of our patients developed a subretinal neovascularization during follow-up.
We have observed a rise in reported incidents of recreational ocular laser injury since 2014, see Fig. 4 . The rate of recovery to BCVA ≥1.0 or selfreported asymptomatic status is lower in the more recent reports than in earlier reports, possibly due to the higher laser output power found in our and other more recent case series.
Possible explanations for the rise in ocular laser pointer injuries include lower prices, increased supply, increased availability of laser pointers (e.g. internet sales and sale at tourist destinations), and improved laser Table 1 . demographic data, laser data, symptoms and objective findings in children exposed to light from a laser pointer. Subject technology (i.e. increased output power in handheld laser pointers).
In one of the first and most extensive reports on ocular injury from laser pointer light, all cases were based on assaults (Sethi et al. 1999) . Overall, significantly fewer injuries were based on assaults (Sethi et al. 1999; Ueda et al. 2011 ) compared with self-inflicted injuries (Mensah et al. 1998; Luttrull & Hallisey 1999; Zamir et al. 1999; Mason 2001; Wong et al. 2007; Fujinami et al. 2010; Kandari et al. 2010; Wyrsch et al. 2010; Ziahosseini et al. 2010; Hossein et al. 2011; Pollithy et al. 2012; Turaka et al. 2012; Dirani et al. 2013; Rusu et al. 2013; Alsulaiman et al. 2014; Dhoot et al. 2014; Keunen et al. 2014; Lally 2014; Lee et al. 2014; Lim et al. 2014; Petrou et al. 2014; Raoof 2014; Xu & Lin 2014; Bhavsar et al. 2015; Noble & Blice 2015; Thanos et al. 2015; Weng et al. 2015; Hanson et al. 2016; Yan et al. 2016; Zhang et al. 2016; Raevis & Shrier 2017; S anchez-Barahona et al. 2017; Tomasso et al. 2017; Zhao & Liu 2017) .
Laser pointer retinopathy is a differential diagnosis to sudden onset painless vision loss, especially in children. This study highlights the problem of persistent vision loss from high power laser pointers, and we encourage legislators to restrict public access to these devices. Intraretinal cysts n y n n n y n n n n n Ä Ä Ellipsoid zone alterations n n y n y y y y y n y + Ä Fisher's exact test: p < 0.05. 
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